We discuss the relations between power series methods, weighted mean methods, and ordinary convergence for double sequences. In particular, we study Tauberian theorems for methods being products of the related one-dimensional summability methods. ᮊ 1997 Academic Press
where within this paper a limit in two variables is meant in the sense of Pringsheim, i.e., the two variables tend to their limit independently. Condi-Ž . Ž . tions 1.1 and 1.2 will be assumed throughout the paper without further mentioning them. Since 
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iii S S is boundedly summable to s by the power series mean J and Ž . Furthermore, under the condition that, for any fixed , ,
Ž .
holds, we have that the corresponding power series method J is b-regular p Ž w x . see, e.g., 5, p. 84 . It is the aim of this paper to derive converse conclusions, i.e., Tauberian results. However, this can only be true under additional assumptions on the sequence S S , the so-called Tauberian conditions.
So far for power series methods J our main Tauberian result is p Ž . restricted to weights p which factorize, i.e., we have p s p q with
Ž . We denote the associated power series method based on weights p q for 
MAIN RESULTS
First we have to introduce the following quantities which were used in a w x series of papers 8, 12᎐14, 16᎐19, 23 to study power series methods in the one-dimensional case: , ⌬ ; log n, P ; log n n n n n log n so we have ⌬ p ; P .
So we obtain again that ⌬ p and P are of the same order.
iii In case p ; exp n with 0 -␥ -1 we have see, e.g., 7, 8, 18
Ž .
n Now P is of smaller order than ⌬ p . Similar calculations can be done for a n n w x much larger class of weights; see, e.g., 18 .
For a general discussion of the relation between ⌬ p and P , see Lemn n ma 1 below.
The following condition will be used as our basic Tauberian condition:
Ž . with suitable nonnegative sequences ␣ and ␤ to be specialized m n Ž below. In the case of the Abel method in two dimensions we have see
Our first result is very general for product-power series methods. Ž . Considering the logarithmic method where p s q s 1r n q 1 , we n n obtain the somewhat stronger assumption 
Ž . with constants ␣, ␤ G 0 and slowly varying functions L and L on 0, ϱ , 1 2 i.e., they are positive, measurable, and satisfy 
For the logarithmic method we obtain as a Tauberian condition
with
n n
The second result will be proven in two steps, which are of interest themselves. In a first step J -and M -summability are related. First we The following lemma is the key to our results.
Ž . LEMMA 2. Assume that the double sequence S S satisfies 2.2 and let Ž . Ž . x, y denote the J -means as defined in 1.4 . Then we ha¨e, for any 
Ž . where we used 2.2 .
For -m and G n we find
The corollary follows from the regularity and positivity of the one-dimensional power series methods.
Proof of Theorem 1. The proof follows directly from the corollary.
Proof of Theorem 3. The proof of Theorem 3 is based on a Tauberian w x theorem for multivariate Laplace transforms in 22 . For the moment we assume that S S is real. Now we use the following notation: 
S S ϱ ϱ yuyÿ y
H H e u,¨du dp e , e Ž . Ž . In case of a complex sequence S S we split it into its real and imaginary parts and proceed as before for both parts separately. The conclusion above translates to
Proof of Theorem 4. We proceed as in the one-dimensional case w x thereby using similar ideas as in 15, p. 579 for the C -mean applied to 1, 1 double sequences. We have with
Ž . Thus we obtain 
Ž .
holds for all k, l such that m F k F and n F l F . Ž . Now observe that by 2.3 P rP ª 1 and Q rQ ª 1 and hence 
